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© Improved ink quantity detecting device and recording apparatus with the device. 



© An ink quantity detecting device includes a plu- 
rality of ink chambers for containing inks, displace- 
ment members each provided for a corresponding 
one of the ink chambers and capable of being dis- 
placed in accordance with a quantity of a corre- 
sponding ink, a coupling member for coupling a 



plurality of displacement members, and a detecting 
unit for detecting displacement of at least one of the 
displacement members or the coupling member. 
The coupling member can be displaced in accor- 
dance with a quantity of at least one ink. 
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IMPROVED INK QUANTITY DETECTING DEVICE AND RECORDING APPARATUS WITH THE DEVICE 



BACKGROUND OF THE INVENTION : 



Field of the Invention 

The present invention relates to a recording 
apparatus for use in, e.g., a copying machine, a 
facsimile system, a video output printer, and a 
word processor and, more particularly, to an ink 
quantity detecting device of a recording apparatus 
using different types of ink. 



Related Background Art 

Recording apparatuses such as a printer or a 
facsimile apparatus can be classified in accordance 
with a recording system into, e.g., a thermal sys- 
tem, a wire dot system, and an ink jet system. 

In the ink jet system (ink jet recording appara- 
tus), an ink is supplied to a recording head having 
at least one small orifice as a discharge port, and 
an energy generator provided in correspondence 
with the orifice is driven on -the basis of printing 
data, thereby forming bubbles by a film boiling 
phenomenon of the ink in the orifice. Ink droplets 
are flown from the orifice upon expansion and 
shrinkage of the bubbles, and the flown Ink 
droplets are adhered on a recording member such 
as plain paper or a thin plastic plate, thereby for- 
ming dot patterns. 

In an ink jet recording apparatus of this type, 
an ink is supplied to the recording head from an 
ink container called an ink tank or an ink cartridge 
mounted in the apparatus or a carriage via a tube 
or the like. Since the Ink capacity of the ink con- 
tainer is limited, however, an ink remain becomes 
small to interfere with subsequent recording when 
a recording operation progresses to a certain de- 
gree. Therefore, the apparatus is arranged such 
that reaching of the ink remain to a reference 
quantity is detected by a certain method to alarm 
an operator before the ink is used up, thereby 
demanding the operator to replenish the ink or 
replace the cartridge. 

An optical system or an electrode system is 
conventionally known as a typical ink quantity de- 
tecting means for an ink container. The optical 
syst m is suitable for an arrangement in which the 
ink container has a surface which can be open d 
by a cover. In the optical system, a detection signal 
is g n rated by utilizing an event in which light 
emitted from a light-emitting portion reaches a 
light-receiving portion when the ink liquid surface is 
lowered. In the lectrode system, a pair f elec- 



trodes are horizontally arranged near a predeter- 
mined liquid surface level with a predetermined 
interval therebetween, and a signal is generated by 
utilizing an event in which an electric resistance 
6 abruptly rises when the electrodes are exposed to 
the air. 

In addition to the above systems, a pressure 
detecting system is available. In the pressure de- 
tecting system, a pressure sensor is arranged in an 

70 ink bag such as an aluminum laminated bag, and 
an ink remain is detected on the basis of a pres- 
sure change. 

The present inventors found, however, that 
when such an ink quantity detecting device is ap- 

ts plied to a recording apparatus using at least two 
different types of ink, the following technical prob- 
lems to be solved arise. 

For example, U.S. Patent 4,719,475 discloses 
an arrangement in which electrodes arranged In a 

20 plurality of ink tanks are connected in series with 
each other to detect an ink quantity. 

Japanese Lald-Open Patent Application No. 60- 
32667 discloses an arrangement in which light is 
radiated on a transparent portion formed in an ink 

25 tank and a quantity and a color of light transmitted 
through a light guide are observed to detect an ink 
quantity. 

In each of the above conventional ink container 
ink quantity detecting devices, however, if the op- 

30 tical system or the electrode system is used as the 
detecting means, the stability of ink may be deg- 
raded over a long time period, i.e., the quality of 
ink may be degraded especially when the ink is left 
to stand at a high temperature. 

35 In this case, the quality of an image is deg- 
raded when recording is performed in a color re- 
cording apparatus for a long time. 

Especially in the above arrangement in which 
electrodes are connected In series with each other, 

40 in order to select a resistance range which can be 
sensitively detected, a voltage must be increased 
since resistive components are increased due to an 
ink. As a result, the above-mentioned influence on 
the ink is enhanced. 

45 The pressure detecting system has no influ- 
ence on ink performance. However, if a pressure 
sensor is arranged for each color in order to apply 
the system to a color recording apparatus, the size 
of the apparatus is increased, and manufacturing 

so cost of additional mechanisms is increased. 



SUMMARY OF THE INVENTION : 

H is an object of the present invention to pro- 
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vide an ink container ink quantity detecting device 
which can soive the above conventional technical 
problems and detect an Ink quantity by pressure 
detection for each of a plurality of Ink colors with a 
simple and compact arrangement and low cost and 
a recording apparatus with the detecting device. 

It is another object of the present invention to 
provide an ink quantity detecting device which can 
indicate a detected remain of each of a plurality of 
inks of different colors with a simple arrangement 
by using a smaller number of indicators than the 
number of inks of different colors and a recording 
apparatus with the detecting device. 

It is still another object of the present invention 
to provide an ink quantity detecting device com- 
prising: 

a plurality of ink chambers for containing inks; 
displacement members each provided for a cor- 
responding one of the ink chambers and capable of 
being displaced in accordance with a quantity of a 
corresponding ink; 

a coupling member for coupling a plurality of dis- 
placement members; and 

detecting means for detecting displacement of at 
least one of the displacement members or the 
coupling member, 

wherein the coupling member can be displaced in 
accordance with a quantity of at least one ink. 



BRIEF DESCRIPTION OF THE DRAWINGS : 

Fig. 1 is a schematic sectional view for explain- 
ing an ink quantity detecting device; 

Figs. 2 and 3 are schematic sectional views for 
explaining an ink quantity detecting device for a 
color recording apparatus according to the 
present invention; 

Fig. 4 is a graph for explaining a relationship 
between an ink quantity and an ink pressure; 
Fig. 5 is a schematic sectional view for explain- 
ing an ink quantity detecting device for a color 
recording apparatus according to the present 
invention; 

Fig. 6 is a block diagram showing a control 
system according to an embodiment of the 
present invention; 

Fig. 7 is a block diagram showing another em- 
bodiment of the control system according to the 
present invention; and 

Figs. 8A and 8B are timing charts showing an- 
other xample of indicator driving methods. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS : 

In a pr ferred embodiment of the present in- 



vention, pressure-sensitive members as displace- 
ment members each of which can be displaced in 
accordance with an ink quantity in an ink tank 
and/or a pressure-sensitive chamber are provided 

5 in a plurality of pressure-sensitive chambers pro- 
vided as ink chambers in correspondence with the 
number of types of ink whose quantity is to be 
detected, and a coupling member is arranged to 
interlock and displace the displacement members. 

70 When a quantity of at least one ink is reduced 
below a predetermined quantity, this reduction is 
detected to drive an output means, e.g., a display 
means such as a display or an alarming means 
such as a buzzer so as to inform this to a user. 

75 The displacement member need not be linearly 
displaced but may be displaced continuously or 
stepwise in accordance with an ink quantity. For 
example, the displacement member may be 
binary-displaced such that a switch is turned on/off 

20 on the basis of a predetermined quantity of Ink. 

Although the displacement members provided 
in the liquid chambers are interlocked with each 
other, these members are combined by the cou- 
pling member or formed integrally with each other. 

25 The displacement members coupled by the 
coupling member need not be integrally coupled 
but may be loosely coupled with margins there- 
between to absorb small variations. A means for 
detecting a displacement amount may be of an 

30 electrical or optical type. Displacement amount de- 
tection may be performed by detecting displace- 
ment of the coupling member or detecting dis- 
placement of at least one pressure-sensitive mem- 
ber. 

35 If a plurality of ink chambers are overlapped 
and integrally formed, a most compact arrange- 
ment can be obtained. However, these chambers 
may be separated from each other within the range 
of the above technical principle. 

40 After an ink quantity detecting device for 
mono-color recording is described, embodiments 
of the present invention will be described in detail. 

Fig. 1 is a schematic sectional view showing an 
arrangement of an ink quantity detecting device 

45 based on a pressure detecting system. 

A diaphragm-shaped pressure-sensitive mem- 
ber 1 constitutes a part of a pressure-sensitive 
chamber A as a liquid chamber by using an elastic 
material and is displaced in accordance with an ink 

so pressure. A coupling member 2 fixes an annular 
electrode to a central portion of the pressure-sen- 
sitive member 1, has a male threaded portion at Its 
central portion, and is displaced together with the 
pressure-sensitive member in accordance with the 

55 ink pressure. An adjustment elastic m mber 3 is 
arranged concentrically with the male threaded por- 
tion of the coupling member 2 and biases the 
coupling member 2 downward. An adjusting mem- 
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ber 4 is threadably engaged with an upper portion 
of the male threaded portion and regulates the 
position of the upper end of the adjustment elastic 
member 3. Output contacts 5 are fixed to a hous- 
ing 11 (to be described later) so that they are 
arranged symmetrically about the action center and 
the lower surfaces of their inserted end portions are 
exposed and have lead portions exposed outside 
the housing. A contact 6 is inserted and Fixed in the 
coupling member 2 so as to be in contact with a 
pair of output contacts 5. The housing 1 1 is divided 
into upper and lower portions, supports and fixes 
the respective members, and is made of an insulat- 
ing material such as a resin. 

The pressure-sensitive chamber A communi- 
cates with an ink supply portion of an ink container 
(not shown) such as an ink tank, an ink bag, or an 
ink cartridge and receives ink. When, no ink is 
present in the pressure-sensitive chamber A, the 
coupling member 2 is urged downward by a bias- 
ing force of the adjustment elastic member 3 to 
separate the contact 6 from the output contacts 5. 

In the above arrangement, when a predeter- 
mined quantity of an ink or more Is contained in 
the ink container, the ink pressure in the pressure- 
sensitive chamber A is substantially equal to, e.g., 
the atmospheric pressure and therefore urges the 
pressure-sensitive member 1 and the coupling 
member 2 upward against the biasing force of the 
adjustment elastic member 3, thereby urging the 
contact 6 against the output contacts 5 to set a 
switch ON state. 

When the ink in the ink container is consumed 
close to, e.g., zero, the ink pressure abruptly falls 
to produce a negative pressure in the ink container. 
This negative pressure cancels the upward urging 
force of the pressure-sensitive member 1 with re- 
spect to the coupling member 2. Therefore, the 
pressure-sensitive member 1 and the coupling 
member 2 are moved downward by the biasing 
force of the adjustment elastic member 3 to sepa- 
rate the contact 6 from the output contacts 5. As a 
result, an ink remain can be detected even when 
the interior of the ink container Is closed. 

The ink quantity detecting device for use in a 
recording apparatus for mono color has been de- 
scribed above. An ink quantity detecting device for 
use in a recording apparatus using a plurality of 
types of ink will be described in detail below as an 
embodiment of the present invention. 



[1st Embodiment] 

The pres nt invention will be described in de- 
tail below with reference to Figs. 2 to 4. 

Fig. 2 is a schematic sectional view showing 
the first embodiment of the present invention hav- 



ing thr e pressure-sensitive chambers. In this em- 
bodiment, the same reference numerals as in Fig. 
1 denote the same parts and a detailed description 
thereof will be omitted. 
5 According to this embodiment as shown in Fig. 

2, second and third pressure-sensitive members 1 
are vertically overlapped below the pressure-sen- 
sitive chamber A as a liquid chamber shown in Fig. 
1 in accordance with the number of ink colors, 
70 thereby forming a plurality of pressure-sensitive 
chambers A. When a negative pressure is pro- 
duced in any of the pressure-sensitive chambers A, 
coupling members 2 are moved downward to sepa- 
rate a contact 6 from output contacts 5. 
75 Referring to Fig. 2, regulating members 7 regu- 
late the movements of the second and third 
pressure-sensitive members 1 in one direction. 
Coupling members 8 are fixed to central portions of 
the second and third pressure-sensitive members 1 
20 and another coupling member 8 is vertically con- 
nected in series with the first pressure-sensitive 
member 1, thereby transmitting a pressure with 
respect to any of the pressure-sensitive member to 
the uppermost coupling member 2. Ink inlet and 
25 outlet ports 9 and 10 communicate with each of the 
pressure-sensitive chambers A. That is, this em- 
bodiment is characterized in that the pressure- 
sensitive chambers A in a number corresponding 
to the number of ink colors are overlapped and 
30 formed in the lower portion in the arrangement as 
shown in Fig. 5. 

Referring to Fig. 2, an ink container 20 has ink 
bags 21 Y, 21 M, and 21 C respectively containing 
inks of three colors, i.e., yellow (Y), magenta (M), 
35 and cyan (C). An ink outlet port of each ink bag is 
coupled via a tube to the corresponding ink inlet 
port 9 which communicates with the corresponding 
pressure-sensitive chamber A, as shown in Fig. 2. 
The ink container Is preferably detachable with 
40 respect to the apparatus. 

The ink bag consists of a flexible material such 
as an aluminum laminated thin film or an aluminum 
deposited thin film so that the bag is easily de- 
formed in accordance with consumption of an ink 
45 as ink droplets are discharged from a recording 
head, thereby maintaining a substantially atmo- 
spheric pressure in the bag. 

In the above arrangement, the ink in the ink 
bag is supplied to fill the pressure-sensitive cham- 
50 ber A which communicates with the bag, and a 
necessary quantity of ink is supplied through the 
outlet port 10 from the pressure-sensitive chamber 
A to a recording head (not shown). When a suffi- 
cient ink remain is present in the ink bag, the 
65 pressure in the pressure-sensitive chamber A is 
substantially equal to the atmospheric pressure. 
Therefore, the pressure-sensitive member 1 is hori- 
zontally positioned, and the contact 6 is urged 
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against the output contacts 5 by a biasing force of 
an elastic member 3 to set a switch ON state. 

According to the findings of the present in- 
ventors, an ink in an ink bag becomes flat in 
accordance with the ink consumption quantity as 5 
shown in Fig, 3 as a recording operation pro- 
gresses. When the ink remain becomes close to 
zero as shown in Fig. 4, the ink pressure abruptly 
falls to produce a negative pressure in the ink bag. 
For example, when a negative pressure is pro- io 
duced in the ink bag 21 M, the middle pressure- 
sensitive member 1 is moved downward by the 
negative pressure to a position indicated by a 
broken line. Since the pressure-sensitive member 1 
is moved downward, the coupling member 2 con- 75 
nected to the pressure-sensitive member 1 is also 
moved downward. The annular contact 6 arranged 
concentrically on the coupling member 2 is moved 
downward together with the coupling member 2 so 
as. to be separated from the output contacts 5. 20 
Therefore, when at least one of inks of three colors 
of ink is substantially used up, the switch state is 
changed from ON to OFF, thereby detecting an ink 
remain by one detection switch. 

Fig. 4 is a graph showing a relationship be- 25 
tween an ink pressure P and an ink consumption C 
obtained in an ink bag containing 40 g of an ink. 
When an ink remain is decreased to be several 
grams, a negative pressure in the bag is abruptly 
increased. 30 

A negative pressure beyond which the record- 
ing head cannot discharge an ink is, e.g., -200 mg 
or less as indicated by a broken line in Fig. 4. 
Therefore, by controlling the device to detect a 
remain when the negative pressure is about -100 35 
mmAg, a large detection margin can be set 



[2nd Embodiment] 

40 

Fig. 5 is a schematic sectional view showing 
the second embodiment of the present Invention. 

The second embodiment differs from the first 
embodiment in that pressure-sensitive members 
and coupling members are integrally formed by 45 
using an elastic material to constitute a displace- 
ment member 22, thereby providing a multicolor 
ink pressure detection mechanism with a further 
simplified arrangement and lower cost. 

As described above, the present invention has so 
arrangements as disclosed in the first and second 
embodiments. That is, displacement members of 
pressure-sensitive chambers, provided in a number 
corresponding to the number of colors of inks 
contained in an ink container, are arranged to be 65 
interlocked with the pressure-sensitive chambers 
for driving a pressure-responsive switch and are 
critically changed as mechanical displacement 



when at least one of the pressures in the pressure- 
sensitive chambers is reduced to be substantially 0 
while pressure changes in the pressure-sensitive 
chambers are added. Therefore, ink remain detec- 
tion can be performed for a plurality of ink colors 
by using a single pressure-responsive switch. 

In addition, serially arranged pressure-sensitive 
chambers for a plurality of inks of different colors 
are formed such that coupling members in a num- 
ber corresponding to the number of ink colors are 
serially coupled to a coupling member for driving a 
pressure-responsive switch and a pressure-sensi- 
tive member for each ink color Is mounted on each 
of the added coupling members. Therefore, a more 
compact size can be realized by a simple arrange- 
ment with low cost. 

The third and fourth embodiments of the 
present invention will be described below. 

In a recording apparatus using a plurality of ink 
colors as in full colpr recording, an ink remain 
detecting means having the arrangement shown in 
Fig. 1 is connected to each of ink bags containing 
a plurality of inks of different colors. In addition, an 
indicator for outputting an ink remain can be pro- 
vided for each ink color. 

In the ink jet recording apparatus of this type, 
however, if an ink container uses a plurality of inks 
of different colors, the ink remain detecting means 
and the indicator must be provided for each ink 
color. As a result, the arrangement of the apparatus 
may be complicated to increase the size and the 
manufacturing cost 

In addition, since an ink of each different color 
must be replaced, the recording apparatus must be 
stopped upon each replacement Therefore, the 
operability of the apparatus may be degraded. 

It is, therefore, an object of the third embodi- 
ment of the present invention to provide an ink jet 
recording apparatus which can indicate a detected 
remain of each of a plurality of inks of different 
colors by using a smaller number of indicators than 
the number of inks of different colors with a simple 
arrangement. 

In order to achieve the above object, according 
to the third embodiment, a single Indicator Indi- 
cates a detected ink remain of each of a plurality of 
inks of different colors contained in a single color 
ink container. 

In a recording apparatus in which a black Ink 
container for containing black ink as a main ink for 
use in recording is provided in addition to a color 
ink container for containing a sub ink in recording, 
an indicator for indicating an ink remain of the 
black ink container and an ink remain detecting 
means thereof are preferably independently pro- 
vided so that replacement of black ink and color 
ink can be independently performed. 

In order to further decrease the manufacturing 
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cost, different indication methods are preferably 
adopted,' i.e., an ON period of a single indicator is 
preferably changed betw en .color ink remain in- 
dication and biack ink remain indication so that the 
single indicator can independently indicate ink re- 
mains of black and color inks. 

With this arrangement, the indicator is driven 
when ink remain detection of any ink color is 
output, and ink replacement is alarmed even if the 
quantities of inks of other colors are a predeter- 
mined quantity or more. Therefore, the arrange- 
ment for ink remain detection can be simplified. 

Furthermore, black ink remain detection and 
color ink remain detection are independently per- 
formed, and the detected remains are indepen- 
dently indicated. Therefore, an operator can check 
which of black ink and color ink has a quantity 
reduced below a predetermined quantity. 

Moreover, since remain indication of black ink 
and that of color ink are performed at different ON 
periods (e.g., a long flashing period for black ink 
and a short flashing period for color ink), an oper- 
ator can recognize the type of ink whose remain is 
indicated from different ON modes. Therefore, re- 
main indication of black ink and color- ink can be 
performed by a single indicator. 



[3rd Embodiment] 

Another embodiment of the present invention 
will be described in detail below with reference to 
Figs. 6 arid 7. 

Fig. 6 is a block diagram showing a control 
system . of the third embodiment of the present 
invention. 

In an ink remain detection mechanism accord- 
ing to the present invention, second and third 
pressure-sensitive members 1 are vertically ar- 
ranged below the pressure-sensitive chamber 
shown in Fig. 1 in correspondence with the number 
of ink colors to form a plurality of pressure-sen- 
sitive chambers A. In this mechanism, similar to 
those shown in Figs. 2 and 5, when a negative 
pressure is produced in any pressure-sensitive 
chamber A, coupling members 2 are moved down- 
ward to separate a contact 6 from output contacts 
5. 

Referring to Fig. 2, regulating members 7 regu- 
late the movements of the second and third 
pressure-sensitive members 1 in one direction. 
Coupling members 8 are fixed to central portions of 
the second and third pressure-s nsitive members 1 
and another coupling member 8 is vertically coup- 
ied in series with the first pressure-sensitive mem- 
ber 1 to transmit a pressure on any pressure- 
sensitive member to the uppermost coupling mem- 
ber 2. Ink inlet and outlet ports 9 and 10 commu- 



nicate with each pressure-sensitive chamber A. 
That is, the arrangement shown in Fig. 2 is char- 
acterized in that the pressure-sensitive chambers A 
in a number corresponding to the number of ink 
5 colors are overlapped in the lower portion. 

The mechanical arrangement of the ink quan- 
tity detecting device is the same as those of the 
first and second embodiments and a detailed de- 
scription thereof will be omitted. When remain de- 
w tection of a main ink and a plurality of sub inks is 
to be performed by at least two ink quantity detect- 
ing devices, the device shown in Fig. 1 is used in 
combination with the device shown in Fig. 2 or 5. 
An arrangement of the control system shown in 
75 Fig. 6 will be described below. 

A color recording head 23 which communi- 
cates with the outlet ports 10 is connected to a 
pressure detection mechanism 22 having the ar- 
rangement shown in Rg. 2 or 5. Ink discharging of 
20 the color recording head 23 is controlled by a 
controller 24 which receives a contact output from 
the pressure detection mechanism 22 as one of 
input information. The controller 24 is connected to 
an indicator 25 and indicates a detected ink remain 
25 on the indicator 25 on the basis of contact OFF of 
the pressure detection mechanism 22. 

According to the arrangement shown in Rg. 6, 
when an ink quantity of any of ink bags 21 Y, 21 M, 
and 21 C of a color ink container 20 is consumed 
30 below a predetermined quantity, a pressure-sen- 
sitive member of a pressure-sensitive chamber 
communicating with the ink bag responds to sepa- 
rate the contact 6 from the output contacts 5. The 
controller 24 determines the contact OFF and in- 
35 dicates predetermined contents on the indicator 25. 
When a liquid crystal display (LCD) or the like 
which can display characters is used as the indica- 
tor 25, replacement of the ink bag can be alarmed 
by a sentence. Since the indicator 25 is driven 
40 when an ink quantity of any of a plurality of ink 
bags is reduced below a predetermined amount, 
the color ink container 20 is removed from the 
recording apparatus even if sufficient quantities of 
ink remain in the other ink bags. Therefore, an 
45 event in which ink bags of a plurality of colors are 
removed from the recording apparatus and re- 
placed In turn hardly occurs. 

The color ink container removed from the ap- 
paratus can be used again as a color ink container 
so after an ink is filled in an empty ink bag or the 
empty ink bag is replaced. Since only one of a 
plurality of ink colors is not excessively used in 
normal color recording, the operability of the ap- 
paratus is satisfactory. 

55 

[4th Embodiment] 
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Fig. 7 is a block diagram showing another 
embodiment of the control system. In Fig. 7, the 
same reference numerals as in Fig. 6 denote the 
same parts and a detailed description thereof will 
be omitted. In addition, the arrangement of an ink 
quantity detecting device is the same as that of the 
third embodiment and a detailed description there- 
of will be omitted. 

This embodiment is applicable to an ink Jet 
recording apparatus of full color using black in 
addition to three colors of yellow, magenta, and 
cyan and comprises a black ink container 26 for 
black ink recording, a pressure detection mecha- 
nism 27 for mono color, and a black recording 
head 28. Color ink remain detection is performed 
as shown in Fig. 2 or 5. A black ink remain, 
however, is detected by the pressure detection 
mechanism 27 for mono color having the same 
arrangement 8S that shown in Fig. 1 , and a control- 
ler 24 drives an indicator 25A on the basis of this 
detection to indicate the detected black ink remain. 

With this arrangement, a user who uses only 
black ink prior to inks of other colors can replace 
only the black ink container 26 having a short ink 
replacement period. When color recording is fre- 
quently performed, only a color ink container 20 
can be replaced. Therefore, ink replacement can 
be economically performed. 

In order to indicate an ink remain, a single 
indicator 29 may be turned on/off at different flash- 
ing periods in accordance with the colors of inks in 
place of the indicators 25 and 25A shown in Rg. 7 
so that a user can check which of black ink and 
color ink has an ink remain detected. Fig. 8A 
shows an arrangement in which the indicator is 
continuously turned on for black ink and flashed for 
color ink, and Fig. 8B shows an arrangement in 
which the indicator is flashed at a long period for 
black ink and at a short period for color ink. 

The above third and fourth embodiments have 
the following effects. 

That is, since a single indicator indicates a 
detected ink remain of each of a plurality of inks of 
different colors contained in a color ink container, 
this single indicator can alarm replacement of the 
ink container. As a result, the arrangement can be 
simplified, and the operability can be improved 
because ink replacement need not be performed 
for each ink color. 

In addition, a black ink container containing 
black ink is provided in addition to the color ink 
container, and an ink remain indicator and an ink 
remain detecting means for this black ink container 
are exclusively provided. Therefore, black ink re- 
main indication and color ink remain indication can 
be discriminated from each other to improve the 
operability. 

Furthermore, since the single indicator indi- 



cates a color ink remain and a black Ink remain at 
different ON periods, this single indicator can in- 
dicate both the black and color ink remains. 

In the above embodiments, black ink and yel- 

5 low, cyan, and magenta inks are exemplified as 
main ink and sub inks, respectively, however, If 
recording is performed by mainly using magenta 
ink, the main ink is magenta ink. Similarly, if re- 
cording is performed by mainly using cyan, the 

w main ink is cyan ink. In this manner, a relationship 
between the main ink and the sub inks can be 
arbitrarily set by a recording mode of the apparatus 
or a user. Such a technical principle can be applied 
to density recording using inks of the same color 

75 but having different concentrations. 

The present invention brings about excellent 
effects particularly in a recording head or a record- 
ing device of the bubble jet system proposed by 
CANON INC. among the various ink jet recording 

20 systems. 

As to its representative constitution and princi- 
ple, for example, one practiced by use of the basic 
principle disclosed In, for example, U.S. Patents 
4,723,129 and 4,740,796 is preferred. This system 

25 is applicable to either of the so-called on-demand 
type and the continuous type. Particularly, the case 
of the on-demand type is effective because, by 
applying at least one driving signal which gives 
rapid temperature elevation exceeding nucleus 

30 boiling corresponding to the recording information 
on electricity-heat converters arranged correspond- 
ing to the sheets or liquid channels holding a liquid 
(ink), heat energy is generated at the electricity- 
heat converters to effect film boiling at the heat 

05 acting surface of the recording head, and con- 
sequently the bubbles within the liquid (ink) can be 
formed corresponding one by one to the driving 
signals. By discharging the liquid (ink) though an 
opening for discharging by growth and shrinkage of 

40 the bubble, at least one droplet is formed. By 
making the driving signals into pulse shapes, 
growth and shrinkage of the bubble can be effected 
instantly and adequately to accomplish more pref- 
erably discharging of the liquid (Ink) particularly 

45 excellent in response characteristic. As the driving 
signals of such pulse shape, those as disclosed in 
U.S. Patents 4,463,359 and 4,345,262 are suitable. 
Further excellent recording can be performed by 
employment of the conditions described in U.S. 

50 Patent 4,313,124 of the invention concerning the 
temperature elevation rate of the above-mentioned 
heat acting surface. 

As the constitution of the recording head, in 
addition to the combination of the discharging ori- 

55 fice, liquid channel, and electricity-heat converter 
(linear liquid channel or right-angled liquid channel) 
as disclosed in the above-mentioned respective 
specifications, the constitution by use of U.S. Pat- 
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ent 4,558,333, or 4,459,600 disclosing the constitu- 
tion having the heat acting portion arranged in the 
flexed region is also included in the present inven- 
tion. In addition, the present invention can be also 
effectively made the constitution as disclosed in 
Japanese Laid-Open Patent Application No. 59- 
123670 which discloses the constitution using a slit 
common to a plurality of electricity-heat converters 
as the discharging portion of the electricity-heat 
converter or Japanese Laid-Open Patent Applica- 
tion No. 59-138461 which discloses the constitution 
having the opening for absorbing pressure wave of 
heat energy correspondent to the discharging por- 
tion- 

Further, as the recording head of the full line 
type having a length corresponding to the maxi- 
mum width of a recording medium which can be 
recorded by the recording device, either the con- 
stitution which satisfies its length by a combination 
of a plurality of recording heads as disclosed in the 
above-mentioned specifications or the constitution 
as one recording head integrally formed may be 
used, and the present invention can exhibit the 
effects as described above further effectively. 

In addition, the present invention is effective for 
a recording head of the freely exchangeable chip 
type which enables electrical connection to the 
main device or supply of ink from the main device 
by being mounted on the main device. 

Also, addition of a restoration means for the 
recording head, a preliminary auxiliary means, etc. 
provided as the constitution of the recording device 
of the present invention is preferable, because the 
effect of the present invention can be further stabi- 
lized. Specific examples of these may include, for 
the recording head, capping means, cleaning 
means, pressurization or suction means, electricity- 
heat converters or another type of heating ele- 
ments, or preliminary heating means according to a 
combination of these, and it is also effective for 
performing stable recording to perform preliminary 
mode which performs discharging separate from 
recording. 

Further, as the recording mode of the record- 
ing device, the present invention is extremely ef- 
fective for not only the recording mode only of a 
primary color such as black etc., but also a device 
equipped with at least one of plural different colors 
or full color by color mixing, whether the recording 
head may be either integrally constituted or com- 
bined in plural number. 

When the ink quantity detecting device of the 
present inv ntion is applied to an ink jet recording 
apparatus for discharging ink by using heat energy 
generated by electricity-heat converters, a phe- 
nomenon in which a h ad having no ink therein ;s 
driven to damage the electricity-heat converters by 
heat can be avoided. 



An ink quantity detecting device includes a 
plurality of ink chambers for containing inks, dis- 
placement members each provided for a corre- 
sponding one of the ink chambers and capable of 

5 being displaced in accordance with a quantity of a 
corresponding ink, a coupling member for coupling 
a plurality of displacement members, and a detect- 
ing unit for detecting displacement of at least one 
of the displacement members or the coupling 

10 member. The coupling member can be displaced 
in accordance with a quantity of at least one ink. 



Claims 

75 

1. An ink quantity detecting device comprising: 
a plurality of ink chambers for containing inks; 
displacement members each provided for a cor- 
responding one of said ink chambers and capable 

20 of being displaced in accordance with a quantity of 
a corresponding ink; 

a coupling member for coupling said plurality of 
displacement members; and 
detecting means for detecting displacement of at 
25 least one of said displacement members or said 
coupling member, 

wherein said coupling member can be displaced in 
accordance with a quantity of at least one ink. 

2. A device according to claim 1, wherein said 
30 coupling member is constituted by a plurality of 

movable members connected with predetermined 
margins therebetween. 

3. A device according to claim 1, wherein said 
coupling member is formed integrally with said 

35 plurality of displacement members. 

4. A device according to claim 1, wherein said 
plurality of ink chambers are stacked. 

5. A device according to claim 1, wherein each of 
said displacement members is a flexible member. 

40 6. A device according to claim 1, wherein regulat- 
ing means for regulating displacement of a cor- 
responding one of said displacement members Is 
provided to at least one of said Ink chambers. 

7. A device according to claim 1, wherein said 
45 detecting means electrically detects a displace- 
ment quantity. 

8. A device according to claim 1, wherein said 
detecting means optically detects a displacement 
quantity. 

so 9. A device according to claim 1 , further compris- 
ing adjusting means for applying a biasing force to 
said coupling member. 
10. A recording apparatus comprising: 
an ink quantity detecting device having; 

55 a plurality of ink chambers for containing inks, 

displacement memb rs each pr vided for a cor- 
responding one of said ink chambers and capable 
of being displaced in accordance with a quantity of 
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a corresponding Ink, 

a coupling member for coupling said plurality of 
displacement members, and 
detecting means for detecting displacement of at 
least one of said displacement members or said 5 
coupling member, 

wherein said coupling member can be displaced in 
accordance with a quantity of at least one ink; 
an ink supply system provided to said ink quantity 
detecting device; *o 
recording means for performing recording by using 
ink; and 

output means for outputting a detection result ob- 
tained by said ink quantity detecting device. 

11. An apparatus according to claim 10, wherein 75 
said ink supply system includes ink containing 
means, detachably mounted on said recording ap- 
paratus, for containing a plurality of types of ink. 

12. An apparatus according to claim 10, wherein 

said ink supply system includes a supply system 20 
for a main ink and a supply system for a sub ink, 
said main ink supply system including ink quantity 
detecting means different from said ink quantity 
detecting device. 

13; An apparatus according to claim 12, further 25 
comprising output means, different from said out- 
put means, for outputting a detection result ob- 
tained by said Ink quantity detecting means for 
detecting a quantity of the main ink. 

14. An apparatus according to claim 12, wherein 30 
the detection result obtained by said ink quantity 
detecting means for detecting a quantity of the 
main ink is output to said output means. 

15. An apparatus according to claim 14, wherein 

the output of the detection result of the main ink 35 
quantity is different from an output of a detection 
result of a quantity of the sub ink. 

16. An apparatus according to claim 15, wherein 
the detection results are output in a plurality of 
modes using different lamp ON periods. <o 

17. An apparatus according to claim 10, wherein 
said recording means is an ink jet recording head 
for discharging ink by using heat energy. 

18. An apparatus according to claim 10, wherein 

said recording means includes an electricity-heat 45 
converter for generating heat energy. 

19. An apparatus according to claim 10. wherein 
said output means is an indicator or an alarm. 

20. An apparatus according to claim 12, wherein 

the main ink is black ink, and the sub ink is yellow, so 
cyan, and magenta inks. 
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© An ink quantity detecting device includes a plu- 
rality of ink chambers (A) for containing inks, dis- 
placement members (1) each provided for a cor- 
responding one of the ink chambers and capable of 
being displaced in accordance with a quantity of a 
corresponding ink, a coupling member (8) for cou- 



pling a plurality of displacement members, and a 
detecting unit (5 t 6) for detecting displacement of at 
least one of the displacement members or the cou- 
pling member. The coupling member can be dis- 
placed in accordance with a quantity of at least one 
ink. 
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